Chemicals and Food: An Account About Additives by Noland, Wayland E.
Journal of the Minnesota Academy of Science 
Volume 42 Number 2 Article 2 
1976 
Chemicals and Food: An Account About Additives 
Wayland E. Noland 
University of Minnesota, Minneapolis 
Follow this and additional works at: https://digitalcommons.morris.umn.edu/jmas 
 Part of the Food Studies Commons, and the Medical Toxicology Commons 
Recommended Citation 
Noland, W. E. (1976). Chemicals and Food: An Account About Additives. Journal of the Minnesota 
Academy of Science, Vol. 42 No.2, 3-7. 
Retrieved from https://digitalcommons.morris.umn.edu/jmas/vol42/iss2/2 
This Article is brought to you for free and open access by the Journals at University of Minnesota Morris Digital 
Well. It has been accepted for inclusion in Journal of the Minnesota Academy of Science by an authorized editor of 
University of Minnesota Morris Digital Well. For more information, please contact skulann@morris.umn.edu. 
Chemicals and Food: 
An Account About Additives 
ABSTRACT - Food additives are listed by functional category and discussed in terms of the scale 
of their use and relative risks in terms of long-term human toxicity. The greatest risks appear 
to lie with the antimicrobial preservative agents, and food colors (which serve only a cosmetic 
purpose); these and the synthetic sweeteners are discussed in relatively greater detail. 
WAYLAND E. NOLAND* 
According to "Webster's Third International Diction-
ary," a chemical is defined as a substance obtained by a 
chemical process, prepared for use in chemical manufacture, 
or used for producing a chemical effect, and chemistry is a 
science that deals with the composition, structure, and 
properties of substances and of the transformations that 
they undergo. By these definitions foods are quite pro-
perly classed as chemicals which happen to be of biological 
origin. The dictionary definition of food is that it is 
material consisting of carbohydrates, fats, proteins, and 
supplementary substances (as minerals, vitamins) that is 
taken or absorbed into the body of an organism in order to 
sustain growth , repair, and all vi ta! processes, and to 
furnish energy for all activity of the organism . By separat-
ing the terms "chemicals" and "food" in the title , I have 
chosen to emphasize the popular conception that chemicals 
are things which are added by man to food, because what 
l really want to talk about are food additives, that is 
chemicals which are added to food to improve, maintain , 
or disguise its properties in one way or another. A more 
official definition , that of the National Academy of 
Sciences - National Research Council, is that "a food 
additive is a substance or mixture of substances, other 
than a basic food stuff, which is present in food as a 
result of any aspect of production, processing, storage, 
or packaging. The term does not include chance contami-
nants". In particular, I should like to point out why 
food additives are used , and what are some of the possible 
cautions and hazards associated with their use. 
Food additives are nothing new, as any cook can tell 
you . Every time you sprinkle salt, pepper, or sugar on 
your food, you are using additives, but these chemicals 
are so common that they don't even appear in some popu-
lar listings of food additives, salt and sugar also being 
classed as nutrients. The literature on the relation between 
hypertension (high blood pressure) and high salt intake 
has been sufficiently convincing to me that I never salt 
any food at the table . I get all the salt I need, and probably 
more , from the amounts added during the cooking process. 
While there are undoubtedly other factors at work as well , 
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my blood pressure, which used to be on the high side of 
normal, is now lower than it used to be , and is quite 
normal. Another common additive, table sugar (sucrose), 
which is also a food, has been implicated in some studies by 
Yudkin (1964) and others (I 968) as the causative agent 
in atherosclerosis. 
Aside from the common additives already mentioned, 
the estimated U.S. consumption of major food additives 
in 1969 was 789 million pounds, almost 8/ 1 Oths of a 
billion pounds, valued at 343 million dollars. · With the 
increased emphasis on convenience and ready-to-eat foods, 
and on mass feeding, the use of. food additives is likely 
to increase . 
Emulsifiers or surfactants are the largest volume and 
dollar item, with estimated U.S. consumption at 179 
million pounds in 1969 or 60 million dollars worth in 1973. 
These are largely mono and diglyceride esters, used to 
emulsify water in oil, and the polysorbates, used to emul-
sify oil in water_ The bakery industry is a big outlet for 
emulsifiers for use in shortenings, which consume 55-60%, 
but other important uses are cake mixes, peanut butter, 
ice cream, frozen desserts, coffee "creamers," whipped 
toppings, and margarines - the latter of which consume 7-8 
million pounds per year of mono and diglycerides. I do 
not foresee serious toxicity problems in the area of 
emulsifiers. 
Acidulants are the next biggest volume, but not dollar 
item, with an estimated U.S. consumption of 145 million 
pounds in 1969 or 45 million dollars worth in 1973. About 
60% of this is citric acid and roughly a quarter is food-grade 
phosphoric acid, with lesser amounts of fumaric acid, 
adipic acid, tartaric acid, malic acid, succinic acid, and 
lactic acid. The acidulants give acidity, recognized as 
tartness in taste, to carbonated beverages, fruit juices and 
other beverages, canned fruits, candies, puddings, jam_s, 
and gelatins . They alter the pH of jams and jellies to 
prevent crystallization, and are used in pickling foods and 
for carbonating soft drinks. I do not foresee serious 
toxicity problems in this area. 
Stabilizers and thickeners are the third largest volume 
item, with an estimated U.S. consumption in 1969 of 124 
million pounds, or 55 million dollars worth in 1973. If 
one adds in the 70 million dollars worth of gelatin and 
starch, which are also classed as foods or nutrients, which 
were used for this additive purpose in 1973, the total U.S. 
consumption in this category in 1973 becomes 125 million 
dollars, the largest group of additives in dollar amount. 
These additives include about 45 million dollars worth of 
natural gums, such as gum arabic, sodium alginate, cam1gee-
nan , guar gum, and pectin, and _ l O million dollars worth 
of cellulose ethers, such as sodium carboxymethylcellulose, 
hydroxypropylcellulose, and methylcellulose as stabilizers. 
Stabilizers are used mostly in ice cream to ensure a smooth , 
consistent texture by absorbing some of the water and 
thus preventing it from freezing into crystals. They are 
also used in other foods such as chocolate milk to prevent 
settling. Thickeners are used in a wide variety of foods 
to add body and to obtain desired consistencies. Firming 
agents and anticaking compounds bring into this category 
such moisture retainers as calcium chloride, calcium silicate, 
glycerol, gelatin, magnesium silicate, and propylene glycol. 
Again , I do not foresee serious toxicity problems in this area. 
Flavor agents and enhancers are the fourth largest 
volume food additive item, with an estimated U.S. consump-
tion in 1969 of 87 million pounds, valued at 75.3 million 
dollars. These include fragrant, volatile compounds, in-
cluding esters such as ethyl acetate and butyrate, and 
alcohols, aldehydes, ketones, and lactones. Other flavor 
agents and enhancers include vanillin and monosodium 
glutamate. Monosodium glutamate intensifies and enhances 
flavor but, in the quantities normally used, does not add 
any flavor of its own, though in high concentrations it 
has a sweet-saline taste. This is the best known and most 
widely used flavor enhancer, U.S . production in 1968 
being 46 million pounds. The value of the U.S. production 
in 1968 was 3 2 million dollars but in 1973 it had decreased 
to 25 million dollars. Monosodium glutamate is nothing 
more than the sodium salt of one of the important dietary 
amino acids, glutamic acid. Consequently, it is surprising 
that there has been so much rumpus in the past about the 
use of monosodium glutamate, especially in baby foods 
(where its use has been discontinued since it serves no 
useful purpose; Zack, 1970). If there is any problem 
here, then it probably lies in the generalization that "you 
can have too much of a good thing." If toxicity problems 
involving flavor agents and enhancers are to be discovered 
in the future, there is some consolation in the fact that 
the concentrations which have been used to provide the 
desired effects are small. 
Leavening agents are the fifth largest volume food 
additive classification, with an estimated U.S. consumption 
in 1969 of 75 million pounds, but with a relatively low 
dollar value in 1973 of only l O million dollars. These are 
Felatively cheap acidic compounds, such as mono- and 
dicalcium phosphates, sodium acid pyrophosphates, and 
potassium acid tartrate . Leavening agents are used to 
produce fermentation in doughs or to lighten doughs and 
batters by releasing carbon dioxide . They are used as 
acidulants in baking powders to cause release of carbon 
dioxide gas from soda in the mixture during the baking 
process. 
Preservatives and antioxidants are the sixth largest 
volume food additive item , with an estimated U.S. con-
sumption in 1969 of 60.5 million pounds, or 30 million 
dollars worth in 1973. Such additives are necessary to 
prolong shelf life and prevent spoilage of foods by re-
tarding the attack of atmospheric oxygen, which causes 
rancidity in fats and oils, and by inhibiting growth of 
mold, bacteria, and fungi. Antioxidants, of which 15 million 
dollars worth was consumed in 1973, consist principally 
of butylated hydroxyanisole (known as BHA) and butylated 
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hydroxytoluenes (BHT) and much smaller amounts of 
propyl gallate, nordihydroguaiaretic acid (NOGA), the toco-
pherols (vitamin £), and ascorbic acid (vitamin C). With the 
exception of ascorbic acid (which is an enolic compound), 
all of these antiox,idants are members of the class of 
phenolic compounds, some other members of which, such 
as phenol, are toxic. They function as free radical 
scavengers, called inhibitors, which combine with and destroy 
free radicals before these radicals can initiate the chain 
reaction of fats and oils, especially unsaturated ones, with 
atmospheric oxygen, which leads to rancidity. With the 
increasing emphasis on the dietary desirability of unsaturated 
fats and oils over saturated fats, the need for effective 
antioxidants assumes even greater importance than ever. 
The very promising dehydrated fish meal industry, which 
should provide a very economical source of dietary pro-
tein to feed the population explosion, probably couldn't 
succeed without antioxidant food additives. 
The preservatives, which are biocides, were also con-
sumed to the extent of I 5 million dollars in 1973 . The 
commonest examples are (I) calcium and sodium pro-
pionates, which are quite non-toxic and are widely used 
in bread and other bakery goods, (2) sorbic acid and its 
potassium salt, which are widely used as fungistats in 
a variety of foods, and (3) sodium benzoate, which is 
widely used in acidic foods and beverages, particularly 
soft drinks, since the acid, benzoic acid, which is liberated 
under acidic conditions, is an efficient, economical anti-
microbial agent. Smaller amounts are used of the alkyl 
esters of p-hydroxybenzoic acid (known as the parabens) 
and sodium nitrite and sodium nitrate . The latter are 
widely used as antibacterial agents in canned meats, es-
pecially pork products such as luncheon meats and Vienna 
sausages, as well as uncanned sausages and wieners, and 
other cured and smoked meats and fish. 
Antimicrobial agents, by the nature of their function, 
are toxic to some forms of life. It would seem reasonable, 
therefore, that the probability of their being toxic to 
human life as well should be greater than with other kinds 
of food additives. I am particularly concerned about the 
use of sodium or potassium nitrite as food additives. Be-
sides its more justifiable use as an effective and hard-to-
replace antimicrobial agent, nitrite is used in curing mixtures 
for meats to develop and fix the color, since under acidic 
or miildly reducing conditions it decomposes to nitric 
oxide, NO, which then reacts with heme pigments in the 
muscle tissues to form red nitrosomyoglobin. Salt in which 
nitrates are a contaminant has been used for curing meats 
since at least 3000 B.C., and the first evidence of the 
reddening effects of nitrites in meat was reported in Roman 
times. Nitrite as a specific additive was first used in 
Germany in 1911, and its first authorized use in the U.S. 
was on January 13, 1923. Nitrite residues in meats 
cured with nitrite appear to be no greater than in meats 
cured with nitrate alone. In November 1975, the U.S. 
Department of Agriculture proposed a new set of regu-
lations which would ban the use of sodium nitrate during 
the curing processes of all meats and poultry products 
except dry-cured and fermented sausage products, and 
both sodium nitrate and nitrite would be banned from 
baby and toddler foods, in accordance with voluntary 
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industry practice which has been in effect for some time. 
The permissible maximum level of sodium nitrite used in 
curing solutions would be set at 156 ppm for all pro-
cessed products, except bacon ( the most difficult trouble 
spot, which is still under study) and dry-cured products, 
and common table salt would be permitted as a curing 
agent under certain conditions. The permissible residue 
level of nitrites in meat would be reduced from 200 ppm 
to levels which would vary from 125 ppm for pickle-cured 
and canned, cured or perishable products, and 100 ppm 
in cooked sausage, to 50 ppm in canned, cured sterile 
(cooked) products. 
The acute oral toxicity of sodium nitrite is not high, 
since the oral minimum lethal dose in rats and dogs is 330 
milligrams per kilogram, and the amount of nitrite required 
to form methemoglobin in the living organism ( which would 
impair the oxygen-carrying capacity of the blood) is rela-
tively large. But there are other potential hazards asso-
ciated with the use of sodium nitrite as a food additive. 
Small amounts of nitrosamines have turned up in cured or 
processed meats, particularly in cooked (but not in un-
cooked bacon, and in cooked (Sen et al., I 970) and 
smoked (Fazio et al., 1971) ocean fish treated with nitrate 
or nitrite preservatives. Addition of sodium ascorbate 
(the sodium salt of vitamin C) reduces the formation of 
nitrosamines in meats. Some nitrosated secondary aliphatic 
amines, such as N-nitrosodimethylamine, are potent carci-
nogens (and possibly mutagens as well), being known to 
cause tumors of the liver, kidney, and other tissues in rats, 
mice, and hamsters (Weisburger and Weisburger, 1966; 
Lijinsky and Epstein, 1970). Liver tumors have also been 
induced by the same agents in somewhat less sensitive 
larger species such as rabbits, dogs, guinea pigs, and even 
closer to home, monkeys (Weisburger and Weisburger, 1966). 
N-Nitrosodimethylamine is on the OSHA list of the 14 
most important chemical carcinogens. Nitrite is not per-
mitted in fish in Canada (Sen et al., 1970), and the use 
of nitrate and nitrite in all food products was banned in 
Norway, effective Jan. I, 1973. 
In acid medium, which would be present as soon as 
nitrite reaches the stomach, the nitrite would be converted 
to the thermally unstable and very reactive nitrous acid, 
which is a very effective nitrosating agent for amino 
compounds. What would happen if secondary aliphatic 
amines, like dimethylamine, which may be formed by 
thermal degradation during cooking, or may already be 
present in fish products (particularly ocean fish) - in some of 
which nitrite is also used as a preservative - were present 
in the stomach at the same time as nitrite is ingested? 
This possibility has already been considered in the litera-
ture (Lijinsky and Epstein, 1970). There is evidence that 
the formation of nitrosamines may take place when spices 
(which may contain acids and secondary amines) are mixed 
with sodium nitrite and nitrate before being added as a 
curing mix to meats. In Canada, significa11 t levels of 
nitrosamines were found in such spiced curing mixes and 
in the sausages they were used to cure. The U.S. Food and 
Drug Ad111inistration (FDA) has asked meal processors to 
avoid mixing spices with the sodium nitrite and nitrate 
before they· are added as curing agents to meats such as 
sausage, luncheon meats, ham, corned beef. and hot dogs. 
Another potential hazard with nitrous acid is that it is 
a potent mutagen in bacteria, viruses, molds, and other 
organisms (Sanders, 1969). Not surprisingly, it attacks 
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the primary amino groups of nucleotides in DNA, the 
material of which genes are made, replacing the nitrogen 
with an oxygen atom, thus potentially garbling the genetic 
message in the gene at that point (Sanders, 1969). Con-
ceivably, this could cause mutations of stomach cells and 
lead to . cancer of the stomach. Dr. Ernest Freese, Chief 
of the Laboratory of Molecular Biology at the National 
Institute of Neurological Diseases and Stroke, believes that 
the mutagenic effects of nitrous acid in lower organisms 
are sufficiently ominous to suggest strongly that the use 
of sodium nitrite in foods should be severely curtailed, 
if not completely banned (Sanders, 1969). 
Enzyme preparations have become important food addi-
tives, and about 25 million dollars worth was used in 
foods in 1973. Enzymes are natural organic products 
(proteins) produ<;ed by Jiving cells and catalyze specific 
chemical reactions involved in food processing. In the 
food industry, they are widely used in processing meats, 
milk, cheese and other dairy products, and beer and 
other beverages. 
Synthetic sweeteners were once, at least, the seventh 
largest volume food additive item, with an estimated U.S. 
consumption in 1969 of 11.8 million pounds, valued at 
11.3 million dollars. Primarily as the result of the banning 
of cyclamates from food and drink on January 1, 1970, 
U.S. consumption of synthetic sweeteners had declined 
to 5 million dollars in 1973, consisting almost entirely 
of saccharin and its salts. Based on two studies obtained 
by injecting or feeding to rats massive amounts of a 10: I 
mixture of sodium cyclamate and sodium saccharin, or 
that mixture plus cyclohexylamine (a hydrolysis product 
of cyclamate ), which caused bladder cancer in the rats, 
activist and political pressure built up to the point where 
Dr. Charles C. Edwards, then Commissioner of the FDA, 
on October 21, 1969 banned the use of cyclamates in 
general-purpose foods, beverages, and drugs. In doing 
so, he acted in accord with the recommendation of an 
ad hoc committee of the National Academy of Sciences-
National Research Council. This haste left little over two 
months before the ban took effect for all the cyclamate-
containing foods which had been produced to pass through 
what quickly became a not very receptive distribution 
pipeline, much too short a time. As the result, millions 
of dollars worth of food had to be destroyed in what 
was apparently a needless waste. As early as the middle 
of June 1970, less then six months after the ban took 
effect, the FDA issued a statement indicating that cycla-
mates might not be as hazardous as previously thought, and 
that they would be restudied. Twenty carcinogenicity 
studies completed since 1969 have not shown any car-
cinogenic activity in animals as the result of administra-
tion of cyclamates (Gibney, I 975). In March of I 975, 
Dr. Philip Handler, President of the National Academy 
of Sciences, said that the experiment which led to the 
banning of cyclamates in 1969 was badly designed, in-
conclusive, and should not have warranted any action 
at that time. It is probably fair to say that the FDA is 
gun-shy, and no action to rescind the ban has been taken 
up to this time. 
Needless to say, saccharin has also been subjected to 
extensive scrutiny . In I 972, as a precautionary measure, 
the FDA removed saccharin from the GRAS ("grass" 
list; generally recognized as safe) and recommended a 
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maximum intake of 1 gram per day per adult person. In 
all but two of the studies on saccharin there is no associa-
tion between saccharin intake and the development of 
bladder tumors in rats (Gibney, 1975). In those two 
studies in which tumors did turn up, two generations of 
rats were fed commercial saccharin at 5% or 7.5% levels 
in their diet, 250-3 75 times the 0.02% in the average 
person's diet, which averages 30 milligrams of saccharin 
per day. The most encouraging thing about saccharin 
is that it is not metabolized but is excreted unchanged, 
so how can it be tumorigenic? tt appears likely that the 
tumorigenic activity which has been observed with massive 
doses may be attributable to contaminating ortho-
toluenesulfonamide, a possible carcinogen, which is a by-
product in the old manufacturing process for saccharin, 
which is no longer used by its present sole U.S. l rnducer, 
the Sherwin-Williams Company. Now they use phthalic 
anhydride instead of toluene as the starting material and 
the level of ortho-toluenesulfonamide has been reduced 
from more than 118 ppm to 1-3 ppm. 
New synthetic sweeteners are in the works. Aspar-
tame, a dipeptide methyl ester developed by G. 0 . Searle 
and Co. in the I 960's, was approved for limited use by 
the FDA in July 1974, but the approval was rescinded 
in December 1975. It is a nutrient and is 200 times sweeter 
than sugar, but will probably not be desirable in products 
which have to be heated, since dipeptides can thermally 
cyclize to 2,5-diketopiperazines which are suspected of 
being tumorigenic agents. Other synthetic sweeteners under 
development are: neohesperidin dihydrochalcone, whose 
starting material is a bitter flavanone glycoside constituent 
of Seville orange peels, is 1500 times sweeter than sugar 
( cyclamates are 30 times and saccharin 300 times sweeter 
than sugar); SRI oxime V, an aldehyde oxime named for 
the fact that it was developed at the Stanford Research 
Institute, 450 times sweeter than sugar; and a nonabsorbable, 
non-nutritive, water-soluble sweetener leashed to a polymer, 
which is still in the experimental stage (Seltzer, I 975). 
The miscellaneous category of food additives had an 
estimated U.S. consumption in 1969 of I 06.5 million 
pounds, or 50 million dollars worth in 1973. In volume, 
this category would rank between the third category (stabili-
zers and thickeners) and the fourth category (flavor agents 
and enhancers) which I have already discussed. This 
miscellaneous category includes vitamins, colors, trace 
minerals, and amino acids used as dietary supplements, as 
we'll as sequestrants or scavenging agents such as citric 
acid, sodium hexametaphosphate, sodium tripolyphosphate, 
and salts of ethylenediaminetetraacetic acid (EDTA) used 
to sequester trace metal ions which would otherwise cata-
lyze air oxidation. Other miscellaneous additives include 
dough conditioners, bleaching agents, binders, clarifying 
agents, solvent carriers, humectants, and antifoaming agents. 
In the miscellaneous category, I would suggest that the 
area that deserves the most caution would be colors, 
which, in general, have no food value and are pleasing 
only to the eye and not to the stomach. Why take chances 
here? After all, the azo dye, butter yellow (4-dimethy-
laminoazobenzene), which many years ago was used to 
color butter and margarine, was found to cause liver 
cancer when fed to rats on a vitamin-deficient rice diet 
(Weisburger and Weis burger, I 966). Needless to say, it 
is not used as a food additive any more. More recently, 
in I 976, two of the most widely used red dyes for 
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foods, FO+C Red No. 2 (formerly the second most widely 
used dye, used for more than 68 years in hundreds of 
products ranging from soft drinks, strawberry ice cream, 
and vitamin pill coatings to cosmetics, including lipstick) 
and FD+C Red No. 4 (used for coloring red cocktail 
cherries, which are yellow in their natural shade), were 
banned ( except in the case of Red No. 4 for use in cos-
metics and externally applied drugs) for similar reasons 
by the U.S. Food and Drug Administration. Both of 
these red dyes, as well as their controversial, but still-
allowable replacement, FD+C Red No. 40, are azo dyes. 
There is probably no such thing as a totally safe 
food additive when one disregards all restrictions on the 
amounts which can be used in experimental toxicity tests. 
Probably, under these circumstances, somebody wi!I even-
tually find something wrong with everything. Rest assured, 
a lot of tests haven't been tried yet. In my judgement, 
what is needed in the regulation of food additives is 
not a rigid set of arbitrary standards, but rather a care-
fully considered judgement in the case of each compound 
as to whether the benefit~ to be derived substantially 
outweigh the risks know to be present, as well as those 
suspected of being present based on the best evidence 
available at the time. Obviously, this system of regula-
tion, like any other, will need to be continuously updated 
as new data become available. 
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